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Overview
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ÅThis presentation contains the consolidated results for the greenhouse gas (GHG) 

ƳƛǘƛƎŀǘƛƻƴ ƳƻŘŜƭƛƴƎ ǇŜǊŦƻǊƳŜŘ ƛƴ ǎǳǇǇƻǊǘ ƻŦ ǘƘŜ aŀƛƴŜ /ƭƛƳŀǘŜ /ƻǳƴŎƛƭΩǎ ŎƭƛƳŀǘŜ ǇƭŀƴƴƛƴƎ 

project.

ÅResults are presented for each of the three energy sectors modeled: transportation, 

buildings, and electric.

ÅModeling was performed for a sustained policy scenario and alternative scenarios for each 

of the three energy sectors.

ÅThe sustained policy scenarios for each sector were based on existing policies and 

represent the baseline or business as usual scenario.

ÅTransportation sector alternative scenarios included varying degrees of electrification of 

the vehicle fleet, reductions in vehicle miles traveled, light duty vehicle fuel economy 

improvements, and displacement of gasoline and diesel fuels with low-carbon fuels. 
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Overview
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ÅBuilding sector alternative scenarios included varying degrees of 

electrification of heating systems, building efficiency gains, and 

displacement of heating oil and natural gas with low-carbon fuels.

ÅThe electric sector alternative scenario termed the decarbonization policy 

scenario assumes deep electrification of the transportation and buildings 

sectors and baseline efficiency gains.

ÅThe decarbonization policy scenario assumes Maine adopts a 100% by 2050 

renewable energy portfolio standard and baseline efficiency gains.  



Transportation Sector
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Transportation Sector: Results Overview

ÅThese transportation scenario results have been modeled to help inform 

ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ ƳŜŜǘƛƴƎ aŀƛƴŜΩǎ ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǘƛƻƴ ǘŀǊƎŜǘǎ

ÅThe results of the transportation sector modeling were used to develop the 

electric load forecast for the electric sector modeling

ÅResults for the baseline scenario and four decarbonization scenarios (T1, T2, 

T3, and T4) are included in this slide deck
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Notes about the Transportation Sector Scenarios

ÅSynapse has not evaluated the feasibility or cost-effectiveness of the 

decarbonization scenarios presented

ÅIn all scenarios, non-motor vehicle emissions (aviation, rail, and marine) 

were assumed to grow slowly over time

ÅWe did not consider emissions reductions within these subsectors

ÅThis assumption requires greater emissions reductions from motor vehicles

ÅFuture fuel efficiency improvements are included in all scenarios, despite 

the Trump administration rollback of CAFE standards

ÅaŀƛƴŜ Ŧƻƭƭƻǿǎ /ŀƭƛŦƻǊƴƛŀΩǎ ŦǳŜƭ ŜŦŦƛŎƛŜƴŎȅ ǎǘŀƴŘŀǊŘǎ ǊŀǘƘŜǊ ǘƘŀƴ ǘƘŜ ƴŀǘƛƻƴŀƭ 
standards

Å¢ƘŜǊŜ ƛǎ ƭŜƎŀƭ ǳƴŎŜǊǘŀƛƴǘȅ ǊŜƎŀǊŘƛƴƎ /ŀƭƛŦƻǊƴƛŀΩǎ ŀōƛƭƛǘȅ ǘƻ ŎƻƴǘƛƴǳŜ ǘƻ ǎŜǘ 
standards different from the national standards

ÅIncluding the CAFE rollback in our modeling would significantly increase baseline 
emissions
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Transportation Sector Scenarios Analyzed
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Baseline T1 T2 T3 T4

Worst case 

electrificationτCAFE 

standards remain

Electrificationτbaseline 

efficiency

Electrificationτ

aggressive efficiency

Reduced electrificationτ

extreme efficiency and 

low carbon fuels

All strategies to meet 

2030 emissions target

Å 11% of LDVs are 

electric by 2050

Å 0% of HDVs are 

electric by 2050

Å VMT per LDV remains 

constant through 2050

Å VMT per HDV remains 

constant

Å Fuel efficiency reaches 

42 MPG for new cars 

and 30 MPG for new 

light trucks by 2050

Å 90% of LDVs are 

electric by 2050

Å 80% of HDVs are 

electric by 2050

Å VMT per LDV remains 

constant through 2050

Å VMT per HDV remains 

constant

Å Fuel efficiency reaches 

42 MPG for new cars 

and 30 MPG for new 

light trucks by 2050

Å Managed EV charging

Å 90% of LDVs are 

electric by 2050

Å 80% of HDVs are 

electric by 2050

Å VMT per LDV declines 

12.1% by 2030 and 

27.2% by 2050

Å VMT per HDV declines 

2.1% by 2030 and 

4.2% by 2050

Å Fuel efficiency reaches 

45 MPG for new cars 

and 33 MPG for new 

light trucks by 2050

Å Managed EV charging

Å 65% of LDVs are 

electric by 2050

Å 55% of HDVs are 

electric by 2050

Å VMT per LDV declines 

25% by 2030 and 40% 

by 2050

Å VMT per HDV declines 

2.1% by 2030 and 

4.2% by 2050

Å Fuel efficiency reaches 

45 MPG for new cars 

and 33 MPG for new 

light trucks by 2050

Å Managed EV charging

Å 20% of LDVs and HDVs 

use low carbon fuels

Å 85% of new LDV sales 

are electric by 2030

Å 55% of new HDV sales 

are zero emissions by 

2030

Å VMT per LDV declines 

20% by 2030

Å VMT per HDV declines 

4% by 2030

Å Fuel efficiency reaches 

42 MPG for new cars 

and 30 MPG for new 

light trucks by 2050

Å Managed EV charging



Transportation Sector Baseline GHG Emissions

ÅMotor vehicles (light duty and 

heavy duty) account for most 

transportation sector emissions

ÅLight duty vehicles are the largest 
category of emissions

ÅάhǘƘŜǊέ ƛƴŎƭǳŘŜǎ ŀǾƛŀǘƛƻƴΣ ǊŀƛƭΣ 

and marine emissions

ÅBaseline emissions are projected 

to decline due to improvements 

in fuel efficiency required by CAFE 

standards

ÅThe recent rollback of the 
standards could slow emissions 
reductions
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Transportation Sector Scenarios GHG Emissions

ÅThe T1, T2, T3, and T4 scenarios 

result in emissions reductions 

between 2020 and 2050 of 82%, 

84%, 82%, and 87%, respectively

ÅThe impacts of reduced VMT and 

increased fuel efficiency in the T2 

scenario have a larger impact in 

the earlier years when fewer EVs 

are on the road

ÅBy 2050, the impact is smaller 
because most vehicles are electric

ÅT3 and T4 result in greater 

emissions reductions through 

2030 due to near term VMT 

reduction
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Light Duty EV Sales Share

ÅThe T1 and T2 scenarios include 

identical EV adoption trajectories

ÅEV sales increase to 19% in 2025, 

69% in 2030, and 100% in 2050 in 

the T1 and T2 scenarios

ÅThe T3 scenario includes less 

electrification than T1 and T2

ÅEV sales increase to 7% in 2025, 
19% in 2030, and 96% in 2050

ÅIn T4, EV sales accelerate to 85% 

of new light-duty vehicles by 2030
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Business as Usual EV Adoption 
Forecasts for the US

Å9L!Ωǎ ŦƻǊŜŎŀǎǘΣ ǳǎŜŘ ǘƻ ƛƴŦƻǊƳ ǘƘŜ ōŀǎŜƭƛƴŜ ǎŎŜƴŀǊƛƻΣ ƛǎ ǘƘŜ Ƴƻǎǘ ŎƻƴǎŜǊǾŀǘƛǾŜ

ÅThe T1, T2, and T4 scenarios are more aggressive than any of these projections
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Light Duty EV Stock Share

ÅEV stock is the same in the T1 and 

T2 scenarios

ÅEV stock share reaches only 5% by 

2030 in the T3 scenario before 

rising to 65% in 2050

ÅEV stock growth lags EV sales due 

to the slow turnover of the 

vehicle fleet

ÅThe average light duty vehicle 
remains on the road for more 
than 15 years
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Heavy Duty EV Sales Share

ÅThe T1 and T2 scenarios include 

identical EV adoption trajectories

ÅHeavy-duty EV sales increase to 6% 

in 2025 and 25% in 2030 in the T1 

and T2 scenarios

ÅThe T3 scenario includes less 

electrification than T1 and T2

ÅEV sales increase to 3% in 2025 and 
10% in 2030

ÅThe T4 scenario includes faster 

heavy-duty electrification and other 

zero emissions technologies, 

reaching 55% market share in 2030

www.synapse-energy.com  |  ©2020 Synapse Energy Economics Inc. All rights reserved. 13



Transportation Electrification Electricity Consumption

ÅElectricity consumption for 

charging light and heavy duty EVs 

grows to 7.1 TWhby 2050 in the 

T1 scenario and 6.85 TWhin the 

T4 scenario

ÅLƴ нлмт aŀƛƴŜΩǎ ǘƻǘŀƭ ŜƭŜŎǘǊƛŎƛǘȅ 
consumption was 11.2 TWh

ÅIn 2030, T4 is 0.32 TWhabove T1 

due to accelerated EV adoption to 

meet GHG goal

ÅBy 2050, most vehicles are EVs

ÅAt that point VMT effects 
electricity consumption more 
than gasoline consumption
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Biofuel Energy Consumption in 
Scenario T3

ÅBiofuel consumption in the T3 

scenario ramps up to provide 

energy for 8% of light and heavy-

duty vehicles on the road by 2030

ÅBy 2050, biofuels provide energy 
for 20% of all vehicles

ÅIn this analysis, we assume that 

the biofuels utilized produce no 

net greenhouse gas emissions

www.synapse-energy.com  |  ©2020 Synapse Energy Economics Inc. All rights reserved. 15



Buildings Sector
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Buildings Sector: Results Overview

ÅThese thermal scenario results have been modeled to help inform strategies 

ŦƻǊ ƳŜŜǘƛƴƎ aŀƛƴŜΩǎ ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǘƛƻƴ ǘŀǊƎŜǘǎ

ÅThe results of the thermal sector modeling were used to develop the electric 

load forecast for the electric sector modeling

ÅResults for the baseline scenario and four decarbonization scenarios (H1, H2, 

H3, and H4) are included in this slide deck
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Buildings Sector: Scenarios Analyzed
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Baseline H1 H2 H3 H4

Continued efforts to 

install residential retrofit 

heat pumpsτbaseline 

efficiency

Full Electrificationτ

baseline efficiency

Electrificationτ

aggressive efficiency

Electrificationτbaseline 

efficiency and low carbon 

fuels

All strategies to meet 

2030 emissions target

Å 2.2% cumulative 

residential space heat 

energy reduction by 

2050 through 

weatherization

Å 41% of households 

have heat pumps or 

legacy resistance 

heating by 2050

Å 2.2% cumulative 

residential space heat 

energy reduction by 

2050 through 

weatherization

Å 90% of households 

have heat pumps and 

90% of commercial 

heating load is 

electrified by 2050

Å 20% cumulative 

residential space heat 

energy reduction by 

2050 through 

weatherization

Å 90% of households 

have heat pumps and 

90% of commercial 

heating load is 

electrified by 2050

Å 2.2% cumulative 

residential space heat 

energy reduction by 

2050 through 

weatherization

Å 67% of households 

have heat pumps and 

60% of commercial 

heating load is 

electrified by 2050

Å Remaining load in 

2050 is primarily 

supplied with 

biodiesel and fuel oil 

blends and renewable 

natural gas

Å 2.9% cumulative 

residential space heat 

energy reduction by 

2050 through 

weatherization (1.5% 

by 2030)

Å 90% of all residential 

and commercial 

heating systems that 

burn out are replaced 

with heat pumps by 

2030
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Heat Pump Adoption Modeling

ÅThere are two types of heat pump adoption modeled for residential space 

heating: heat pump retrofits and whole home heat pumps

ÅHeat pump retrofits displace fuel oil consumption in households that choose to 
maintain their legacy heating system

ÅThese heat pump installations are specified as a number of households each year

ÅThe fraction of total heating load provided by heat pumps increases from 39% in 2020 
to 57% in 2030

ÅWhole home heat pumps replace legacy heating systems upon burnout

ÅThese heat pump installations are specified as a percentage of all new heating systems 
installed to replace retiring legacy heating systems

ÅIn the commercial sector, only heat pumps replacing the entire legacy 

heating system upon burnout are considered
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Baseline Residential Heat Pump 
Adoption
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ÅIn the baseline scenario, heat pump 

retrofits increase in line with 

aŀƛƴŜΩǎ нлнр Ǝƻŀƭ ŀƴŘ ŎƻƴǘƛƴǳŜ ƛƴ 

line with ISO New England 

projections through 2029

ÅAfter 2029, heat pump 
installations are phased out to 
capture existing policies only

ÅA small number of whole home 
heat pumps are installed to 
replace heat pumps that burn 
out



H1/H2 and H4 Residential Heat Pump 
Adoption
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ÅIn the H1 and H2 scenarios, heat 

pump retrofits are phased out in the 

late 2020s as whole home heat pump 

installations increase

ÅWhole home heat pumps attain 
100% market share when 
replacing systems that burn out 
by 2030

ÅIn the H4 scenario, whole home heat 

pump adoption increases more 

quickly to replace fossil fuel systems 

that burn out

ÅWholes home heat pumps attain 90% 
market share in 2030.



H3 Residential Heat Pump Adoption
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ÅIn the H3 scenario, heat pump 

retrofits continue through 2044

ÅRelative to H1 and H2, more 
heat pump retrofits are 
completed, but fewer whole 
home heat pumps are 
installed

ÅWhole home heat pump 
market share increases 
between 2029 and 2039 to 
50% of households replacing 
fuel oil and natural gas and 
100% of households replacing 
propane
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Commercial Heat Pump Adoption

ÅAll commercial heat pump adoption 

is assumed to occur when the 

existing heating system burns out 

or is otherwise retired

ÅNo heat pump adoption is included 

in the baseline

ÅIn the H1 and H2 scenarios, heat 

pump adoption increases to 100% 

market share in 2030

ÅIn H3, market share increases to 

50% in 2030

ÅIn H4, adoption begins in the early 

2020s, reaching 90% market share 

by 2030
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Biofuel Modeling in Scenario H3

ÅWood, biodiesel, and renewable natural gas (RNG) are all included in the H3 

scenario

ÅWood is primarily utilized in the residential sector, while biodiesel and RNG 
displace fuel oil and natural gas in both the residential and commercial sectors

ÅBiodiesel and RNG are assumed to be drop-in replacements for fuel oil and 
natural gas, respectively

ÅToday, B20 (a fuel oil blend that includes 20% biodiesel) is more common than B100 
(100% biodiesel), but a 2019 report from Brookhaven National Laboratory found no 
άŎƭŜŀǊ ǘŜŎƘƴƛŎŀƭ ōŀǊǊƛŜǊ ǿƘƛŎƘ ǿƻǳƭŘ ƭƛƳƛǘ ǘƘŜ ǳǎŜ ƻŦ ōƛƻŘƛŜǎŜƭ ƛƴ ƘƻƳŜ ƘŜŀǘƛƴƎ 
ǎȅǎǘŜƳǎέ

ÅResource availability was not independently evaluated as part of this work

ÅWe referenced a December 2019 ICF study evaluating the RNG resource potential 
in determining how much RNG could be produced in Maine

ÅRNG, biodiesel, and wood are all assumed to be carbon neutral
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Biofuel Supply in Scenario H3

ÅRNG and biodiesel availability 

increase over time

ÅBy 2050, we assume that 15 

trillion btu of biodiesel and 

RNG are available

ÅRNG is assumed to supply all 
natural gas demand in 2050
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Baseline Residential Space Heating 
Stock

Å166,000 households that heat 

with oil are retrofitted with heat 

pumps by 2030

ÅThese households are labeled 
άIŜŀǘ ǇǳƳǇκŦǳŜƭ ƻƛƭέ ōŜŎŀǳǎŜ 
they maintain their fuel oil 
heating systems

ÅBetween 2020 and 2050, the 

number of homes heated by 

natural gas and propane increases 

by 85,000
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H1 and H2 Residential Space Heating 
Stock

ÅBetween 2020 and 2028, the 

number of homes heating with 

natural gas increases by 42,000 

and the number of homes heating 

with both heat pumps and fuel oil 

increases by 94,000

ÅBy 2050, most of these homes 
switch to using heat pumps 
exclusively

ÅBy 2050, 488,000 homes meet 

their full heating load using heat 

pumps
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H3 Residential Space Heating Stock

ÅRelative to the H1 and H2 

scenarios, more homes continue 

to heat with both heat pumps and 

fuel oil (primarily biodiesel) in 

2050

ÅMore homes also maintain 
natural gas (supplied by RNG) and 
wood heating through 2050
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H4 Residential Space Heating Stock

ÅHeat pump adoption accelerates 

more quickly than it does in the 

H1 and H2 scenarios

ÅBy 2030, 44% of households have 

heat pumps installed (with or 

without supplemental oil heating)

ÅBy 2050, 487,000 homes meet 

their full heating load using heat 

pumps
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Baseline Commercial Space Heating 
Stock

ÅCommercial space heating stock is 

assumed to remain unchanged in 

the baseline
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H1 and H2 Commercial Space Heating 
Stock

ÅBy 2050, 90% of all commercial 

building space is heated with heat 

pumps

ÅThe largest remaining fossil fuel 

source is fuel oil, due to the 

longer lifetimes of oil furnaces

ÅThis assumption is based on 
equipment-specific lifetime 
distributions developed for the 
5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅΩǎ ŀǇǇƭƛŀƴŎŜ 
standard rulemakings and 
published in Technical Support 
Documents
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H3 Commercial Space Heating Stock

ÅBy 2050, 60% of all commercial 

building space is heated with heat 

pumps

ÅThat same year, 24% of 
commercial building space is 
heated with fuel oil/biodiesel and 
15% is heated with natural 
gas/RNG
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H4 Commercial Space Heating Stock

ÅBy 2050, 90% of all commercial 

building space is heated with heat 

pumps

ÅCompared to H1/H2, heat pump 

adoption begins earlier in the 

2020s

ÅThis leads to greater emissions 
reductions by 2030
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Buildings Sector Baseline GHG Emissions

ÅFuel oil accounts for most thermal 

sector emissions

ÅFuel oil emissions also decrease 

the fastest as retrofit heat pumps 

are installed

ÅNatural gas and propane 

emissions grow over the 

projection period
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Buildings Sector Baseline GHG Emissions

ÅSpace heating is the largest 

emitting end use

ÅThe residential sector produces 

more emissions than the 

commercial sector
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Buildings Sector Scenarios GHG Emissions

ÅThe H3 and H4 scenarios lead to 

the greatest emissions reductions 

by 2030

ÅIn H3 this is due to assumed 
substitution of net zero emission 
biofuels for fuel oil and natural 
gas
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Scenario 2020-2030 2020-2050

Baseline 14% 21%

H1 24% 90%

H2 26% 91%

H3 33% 91%

H4 35% 92%

Table 1. GHG Emissions Reductions



H3 Total Space and Water Heating 
Energy Consumption

ÅBy 2050, energy consumption for 

space and water heating 

decreases to 42 trillion btu, 

primarily due to the high 

efficiency of heat pumps

ÅRNG displaces all fossil natural gas 

consumption in 2050

ÅBiodiesel displaces 67% of fuel oil 
consumption
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Space and Water Heating Electricity 
Consumption

ÅBy 2050 electricity consumption for 

space and water heating grows to 

between 5.2 and 7.7 TWhin the 

decarbonization scenarios

ÅaŀƛƴŜΩǎ ǘƻǘŀƭ ŜƭŜŎǘǊƛŎƛǘȅ 
consumption in 2017 was 11.2 TWh

ÅWeatherization and biofuels reduce 

electricity consumption in the H2 

and H3 scenarios respectively

ÅIn H4, load increases earlier due to 

accelerated heat pump adoption

ÅElectricity consumption for space 

cooling is not included in the chart
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Total Residential and Commercial 
Electricity Consumption

ÅThis chart includes all building 

electricity consumption including 

space and water heating and all 

other end uses (lighting, 

refrigeration, electronics, etc.)

ÅElectricity consumption for end 

uses other than space and water 

heating is projected to grow 

slowly over time

ÅThis projection is the same in all 
scenarios
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Electric Sector
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Electric Sector: Results Overview
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ÅThese electric sector scenario results have been modeled to help inform 

ǎǘǊŀǘŜƎƛŜǎ ŦƻǊ ƳŜŜǘƛƴƎ aŀƛƴŜΩǎ ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǘƛƻƴ ǘŀǊƎŜǘǎ

Å¢ƘŜ ŜƭŜŎǘǊƛŎ ǎŜŎǘƻǊ ƳƻŘŜƭƛƴƎ ǊŜǎǳƭǘǎ ŦƻǊ ǘƘŜ άǎǳǎǘŀƛƴŜŘ ǇƻƭƛŎȅέ ōŀǎŜƭƛƴŜ 

ǎŎŜƴŀǊƛƻ ό9.ύ  ŀƴŘ ƻƴŜ άŘŜŎŀǊōƻƴƛȊŀǘƛƻƴ ǇƻƭƛŎȅέ ǎŎŜƴŀǊƛƻ ό9мύ ŀǊŜ ƛƴŎƭǳŘŜŘ ƛƴ 

this slide deck

ÅThe EB scenario used the increased load for EVs and heat pumps from the 

transportation baseline scenario (TB) and the thermal baseline scenario (HB) 

ÅThe E1 scenario used the increased load for EVs and heat pumps from the 

transportation decarbonization scenario (T1) and the thermal 

decarbonization scenario (H1)

Åά5ŜŎŀǊōƻƴƛȊŀǘƛƻƴ ǇƻƭƛŎȅέ ƭŜǾŜǊŀƎŜǎ ǘƘŜ ŜƭŜŎǘǊƛŎ ǇƻǿŜǊ ǎȅǎǘŜƳ ǘƻ ŘǊƛǾŜ ŘŜŜǇ 

carbon reductions in the transportation and buildings sectors
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Assumptions for Transportation & Buildings 
Scenarios Used in Electric Sector Modeling
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Baseline T1

Worst case electrificationτ

CAFE standards remain

Electrificationτbaseline 

efficiency

Å 11% of LDVs are electric by 

2050

Å 0% of HDVs are electric by 

2050

Å VMT per LDV remains 

constant through 2050

Å VMT per HDV remains 

constant

Å Fuel efficiency reaches 42 

MPG for new cars and 30 

MPG for new light trucks by 

2050

Å 90% of LDVs are electric by 

2050

Å 80% of HDVs are electric by 

2050

Å VMT per LDV remains 

constant through 2050

Å VMT per HDV remains 

constant

Å Fuel efficiency reaches 42 

MPG for new cars and 30 

MPG for new light trucks by 

2050

Å Managed EV charging

Baseline H1

Continued efforts to install 

residential retrofit heat 

pumpsτbaseline efficiency

Full Electrificationτbaseline 

efficiency

Å 2.2% cumulative residential 

space heat energy reduction 

by 2050 through 

weatherization

Å 41% of households have heat 

pumps or legacy resistance 

heating by 2050

Å 2.2% cumulative residential 

space heat energy reduction 

by 2050 through 

weatherization

Å 90% of households have heat 

pumps and 90% of 

commercial heating load is 

electrified by 2050

Å Baseline results for the transportation and buildings sectors were used for the electric sector 
sustained policy scenario.

Å Transportation 1 (T1) and Buildings 1 (H1) results were used for the electric sector 
decarbonization policy scenario. 
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Space and Water Heating Electricity 
Consumption

EV Charging Electricity Consumption
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Electric Sector: Scenarios Analyzed

Å Project timing did not allow 
for an update of the electric 
sector modeling with T4 
and H4 load impacts.

Å T4/H4 scenarios result in 
1.16 TWhof electricity load 
above the T1/H1 scenarios 
in 2030

Å This represents about 10% 
ƻŦ aŀƛƴŜΩǎ нлмф ǘƻǘŀƭ 
electricity consumption and 
1% of New England 
electricity demand

Å Limited impact on electric 
sector emissions given 
aŀƛƴŜΩǎ ул҈ ōȅ нлол wt{ 


